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Antagenism of Lyserglc Aci¢ Diethylamlide (LSD) -Induced Hypertharmia

John T. Elder and M. Kent Shellenberger
Departmani of Pharmacology
University of Washington
} Seattle, Washington

{ntroduction

The pyretogenic response to LSD has been reported by several workers
and the Influence of several drugs upon this phencmenon has been determined
(Horita and Dille, 1954; Horita and Gogerty, 1958, Stahelin and Teeschler,
1959; Gogerty et al., 1957). The vtudy by Horito and Gogerty (1958)
indicated that the levels of serotonin (5-HT) are importent to the
pyretogenic response and that the response may be due to the Indole
character of LSD mimicking that of 5-kT. Horita (unpublished expsrimsnts)
has also obtalned pyretogenic responscs by means of the adminlistration
of 3-, hedihydroxyphenylalanina (DOPA) in the presence of a monommine
oxldase (MAQ) inhibltor.

In a study of the effects of various pharmacologic agents upon ths
LSD~induced bshavioral changes in cats, Eldsr and Dille (in press) found

that chlorpremazine (CPZ) end phenoxybenzamine (DBZ) produced the most

significant changes In the reaction. From these studios It was inferred
that BBZ might have an action upon the CNS which is not necessarily

related to its adrenergic blocking effect.

Method
Male albino rabbits weighing from 1.2 to 2.0 kg were used throughout
the study. The animals were housed two to a cage and allowed free access

to food and vater at all times. Each animal was used only once.




Rectal temperstures wore taken with a Tri-R electronic thermomster
every 30 minutes for 2 hours before the administration of any drug and
for 5 hours after the administration of LSD. n those animals on o
pretreatment schedule, control temperatures wore datermined prior to
treatment and again before the LSD 1/ag 2lven. Only thoge rabbits having
a contr‘ol temparaturs of 390 to 400 C bafore recsiving any drug were
used in this study. Room temperature i maintalned at 250 * 20 c.

LSD was used In doses of 50 pg/kg i.v. Reserpine, 2 rg, kg I.v.,
was glven either Imediately before or hours before LSD. Guanothj«
dine, 10 mg/kg I.v., was glven elther ‘medlately before or 18.5 hours
before LSD. Hexemethon |um (-6}, 10 mg. kg t.v., was given 30 minutes
before LSD and 0Bz, 10 mg/kg 1.v., was glven elther one hour or 23 hours
bsfore LSD,

vhe data from these experinents we: a examined for each polnt in
time by the use of the £ test, using th: actual temperatures in al)
cases. Difference scores were used as supplementary test in the case
of reserpine pretreatrent, since the co trol group recelving this drug
immediately before LSD showed temperatu e responses which differed
significantly from controls receiving n:, drug. Each experimental group
contained from 5 to 8 rabblts except thx LSD control group which consisted

of 17 anlmais,

Results
Reserpire

It has been reported by Gogerty et al. (1957) that the effect of
reserpine upon the pyretogenic respcnse to LSD is dependent upon the
relative times of adninistration of the two drugs. Reserpine glven

lnmediately bofore the administration of LS 8ppeared to potentiaste




the response, while 22 to 24 hour pretreatment with reserpine attenuated
the response.

Figure | shows the highly significent rise in tempsrature produced
by reserpine given immediately before LSD in comparison to the LSO
control response. It also shcws that reserpine alons caused a signifi-
cant rise In tempsrature from control levels. If these curves be
exanlned by the use of difference scores obtainad by subtracting out
the reserpine control temporatures from the reserpinc-LSD tempsratures,
and comparing the rise in temperature at each polnt In time for this
group with tha rises seon in the LSD control group, the only significant
difference occurs at the 1.0 hour period and the LSD control response is
the greater. {n Flgure 2 can be seen the antagonism of the LSO response
produced by reserpine given 24 hours prior to LSD. This attenuation wes
highly significant from the 0.5 hour t§ the 4.5 hour period Inclusive
and was not assoclated with the siightly lowsr beginning temperature In
thesa animals.

uanethidine

This drug also produced a significant reduction iIn the pyretogenic
response to LSD, but differed frem reserpins In antagonizing the response
whether given immedlately before or 18.5 hours before LSD. The 18.5
hour pretreatment schedule produced a significant reduction In the
response from the 0.5 to the 3.5 hour perlod inclusive, while in the
group treated immediately before LSD this attenuation existed only from
the 1.0 to the 2.0 hour peried inclusive. Figures 3 and 4 show these
responses.

Hexamethonium
Since reserpine and guanethidine vere effective antagonists of

LSD, it was thought that interruption of sympathetic outflow might be




responsible for this effect. Howsver, C-6 falled complotely as an
antagonist to this response. Figure 5 shows that those rabbits treated
with C-6 responded to LSD In a mannar identical to the LSD control
eanimals. Similer results vere obtained with the use of pentol inlum,
5.0 mg/kg §.v., 30 minutes before LSD.
Ehenoxybenzamine

Adninistration of DBZ one hour before LSD complotely prevented the
response to LSD as shown In Figure 6. In those rabbits treated with
DBZ 23 hours prior to LSD the antagonism was not so complete, but the
response was reduced significantly In the 1.0 to 2.0 hour periods as

shown In Figure 7.

Discussion

The hyperglycemic response to LSD is entagonlzed effectively
by the administration of C~6 according to Konzett (1956), and hence
would appear to be dependent upon intect sympathstic pathway. Since
the pyretogenic response was not changed by C-6, Intact sympathetic
pathways appear to bs unnecassary to this respanse. Both guanethidine
and DBZ on the long pretreatment schedule produced soms attenvation of
the response. but only In the period of the meximal rise. Reserpine
on the long pretreatment schedule and DBZ on the short pretreatment
produced by far the most significent changes for the longest time.

Since Horita and Gogerty (1958) have shawn that cross tolerance
exists between the hyperthermic effects of the 5-HTP-MAO inhibitor
combination and LSD, it would appear that 5-HT levels are intimately
concarned with this response, or that LSD exerts Jts offect by mimick-
Ing the indole character of 5-HT. If this latter case be true, then

reserpine, by releasing stored 5<HT, should either reinforce or antagonize




the LSD response depending upon the relative times of administration

of the two drugs. Our results indicate such to be the case. This would
imply that LSD and 5-HT act upon the same or similar sites to produce
hyperthermla.

The effects in rabbits treated with reserpine mljht also be
considered as due to the depletion of peripheral catechol amines,
thereby preventing peripheral vasoconstriction. Howaver, the results
with guansthidine tend to cast some doubt upon'thls interpretation since
the antagonism was neither as ccmplete nor as long lasting with this
material. The fact that this material csused only attenuation of the
response militates sgainst peripheral catachol amine rolcase as the
means by which reserpine Intensified the LSD response. The apparent
increase In response In the radbits given reserpine immediately bafore
LSD was very likely dus to an Increase in metabolic rate (Johnson and
Sellers, 1961).

Several authors (Vells and Rall, 1949; Plukston, 1935) have shown
that Interference with sympathotic discharge did not prevent hyperthermia
pfoduced by pyrogen, but did producs a reduction in the response. We
would tend to agree with these findings on the basis of our experiments
with reserpine, guansthidine and DBZ on the 23 hour pretreatment schedule.

It hes been shown that 0B and soms of its congeners are effective
antegonists of 5-HT in periphoral tissue (Caddum and Picarelli, 1957,
Vane, 1957, Fingl and Gaddum, 1953; Erspamer, 1953), and It Is possible
that DBZ exerts some Inhibitory effect upon the action of 5T in the
central nervous system. Another possibility extends from the findings
of Sréter and Friedman (1961) chat DBZ Interferes with skeletal muscle

contraction. This could be In:erpreted as leading to a decrease in heat




production. Experiments designed to elucidate the mechanism of DBZ

H antagonism to LSD are now In progress.

Sumgry 5
The pyretogenic response to LSD was prevented by 30-ninute
pretreatnhnt with DBZ. Reserpine given 24 hours before L$D and
guanethidine 18.5 hours prior to LSD produced the most effective
attenuation of the responss. Reserpine glven immediately before LSD
caused an increased response to LSD, probably by increasing the i

mtaboll{; rate. Hexamethcnium had no effect upon the LSD response.
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Flgure |

mmflﬂ’.- Reserpine, 2.0 mgskg 1.v., given Imediately before
LSD, 50 ug/kg I.v., caused an apparent increase In the response to LSD.

The responses to LSD were significantly different during the time periods
between the arrows. When these data were examinsd by the use of difference
scores obtained by subtracting the responses in the reserpine controls from
the experimental group, no significant differences could be shown betwesn
the reserpine-LSD and the LSD groups. The digits in parentheses indicate
the number of snimals used.

Figure 2

Resorpine=L3D. Reserpins, 2.0 mgskg 1.v., 24 hours before LSD,
50 pg/kg i.v., produced a significant reduction in the pyretogenic response
during the time periods betwean the arrcws. The digits In parentheses
indicate the number of animals used.

Figure 3

Gugneghidine S0, Guanethidine, 10 mg/kg I.v., 18.5 hours prior to
LSD, 50 pugskg i.v., produced significant attenuation of the LSD response
during the time periods between the arrows. The digits in parentheses
indicate the number of animals.

Figure 4

Guacethidine-L$D. Guansthidine, 10 mg/kg I.v., immediately before
LSO, 50 pg/kg I.v., reduced the peak response to LSD. The responses to
LSD were significantly different during the time periods betwsen the
arrows. The digits In parentheses indicate the number of enimals used.

Figure 5

Hexamethonium-LSD. The response to LSD in animals treated with
hexamethonium, 10 mg/kg I.v., 30 minutes before LSD, was the same as that
in the LSD controls. The digits In parentheses Indicate the number of
animals used.

Figure 6

Phengxybenzemine=1S0. Administration of DBZ, 10 mg/kg I.v., 60
minutes before LSD, prevented the pyretogenic response to LSD. P < 0.0l
for all points iIn time. The digits In parentheses indicate the number of
animels used.

Figure 7

| O. DBZ, 10 mg/kg I.v., 23 hours before LSD,
reduced the peak response to LSD. The responses to LSD were significantly
different during the time periods between ths arrows. The digits In
parentheses indicate the number of animals used.
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